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OFDM communication system 



(57) in the 1ST project BRAIN (Broadband Radio Ac- 
cess for IP based Networics), different enh 3 "^^ 
for the HIPERLAN/2 air interface are studied lw* the 
coal to guarantee a certain Quality of Serv.ce (QoS) and 
?o tcrelse the bandwidth efficiency of the considered 
broadband system. In this paper, aspects of adapt™ 
modulation are analysed in detail and a new loading al- 



gorithm is introduced which shows a slightly better per- 
formance and lower computational complexity com- 
pared to the well-known technique described in [1]. Fur- 
Lrmore. the loading algorithm is used in combination 
with a blockwise allocation of modulafon levels to the 
subcarriers. This approach can result in a smaller sig- 
nalling overhead in comparison with a subcamer-spe- 
cific modulation. 
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Description 



(seel S^Tr™ communication and HIPERLAN communion 

HIPERLAN is the abbrevation of 5* PEwS^^^ n ^T W,< ?^ : *** H ° USe ' ' SBN °*«»M30«). 
The types 1 and 2 have the goal ofmobS wTeiess SSStiTJ T^' ^ "* ^ ^ ° f ""^RLAN- 
wireless networks. The types 2 to 4 are l ^lT 1? ^ 3 and 4 have the goal of stationary 
vary individually the mod2X teve, ^S^Z^^,^^ communication system it is possibie to 
distance of each subcarrier The obiecl of mST?*^^^*^'^ 
of these are well-known in the ittera ure The « S^ 0 ": ?~ by ^ biU ° ading a, 9 orith ™- °"e 
criteria (i.e. channel capacity, minimfeed brter^o raSL^ol ♦ T d ' S ,ngu,shed eacn «*»» by their optimization 
steps, instruction for cornplg tuZu^er ^TlT COmPUtat,0na ' ^ nUmber ° f computational 



Introduction 



Among the research projects investigat nq performaniTmnr *" P ° rtab ' e deVices With ,imited ability 

BRAIN (Broadband Radio Access ^SZ^S^^T^ H,PERLAN ' 2 ^em. the 1ST project 

wire.ess communication system, us?ng dSsfcaMP « a SlTJS 9 ° a "° J0 ' nt, y °P« mize *» OSI layers of a broadband 
Following a top-down approach spedfic userreoui^nf f .T* '^^ a " d H,PERLAN >2 at the radio layers, 
drive the development on the ^^2^^ [t] |£ [ ° d ^ (Q ° S) are defined fir * ^cn 

^stS'renn a^e^~^~ iKXT? MU,tiP ' eX '' n9 ~ 
subcarriers of the OFDM system Section n n JlZl .! Sed ° n ada P tlve modulation strategies for the 



Adaptive Modulation 

• Principle 



i^eve^ tt2£zt£ se,e r ac r ing to a ,ink ad — — 

the modulation leve. for each subcarneMnaMduaTJ ?. SySt6m ' " * P ° SSib ' e to ad * st 

principie consists of allocating many tZ*Sb£S£Z£^ 1 T * ** * 38 mo *" aff °"- ™e 

with low SNR only few or no bits at all are trans^Ttted Th. f gna, ; t0 ' n ° ,se ratio < SNR ). whereas on subcarriers 
loading algorithms (e.g. [1]>[2] [3 1 ^ which nS J^?^ n 7 b ' tS (and ° f tranSmit P ° Wer) is P erforme d by 
well-known a.gonthm of Chow 5 1* is u^lsZZ^ 2*" f C ° mpUtati ° na ' ,oad " *™. ■» 

~^cJ^Ss"j -- ad —-™^ method - the bit 

™c^^^ 

system. q W OT Service and /or and the system-load of the communication 

Knnf! II] 15 ° bjeCt iS acnieved ^ the Matures specified in claim 1 

~^ev~ |n combination with a b.ockwise allccation of 

subcarrier-specific modulation PP eSU,t " 3 Sma " er S ' gna,,ing overhead comparison with a 

h?pe1^^ 11;;™: ,p b r N r orks) - different enha — •* - 

the bandwidth efficiency of the ^^^^S^i^^' f Tl ^ * inCTeaSe 
lysed in detail and a new loading algorithm is introduced whTh show! a S S2L n h ^ ^ ana " 

tationa. complexity compared to the well-known technique describe' in f f Performance and lower compu- 

[0008] Further detai.s of the invention are specified in the subc.aTms 2 to' 7 
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l0 009] An embodiment of the invention will be explained in the following. 
. Considered Approach: Simple Blockwise Loading Algorithm (SBLA) 
,0010, .nH.PER^.difierentph^ 

scheme (BPSK, QPSK, 16-QAM B4-QAM) ^£^££2b*^ towards adaptive modulation, it seems 
associated with the specified modes. To ^ n ^ X ^ t ^^^Zn6^ efficiency. This, in turn, requires 
reasonable to propose alternative ™ ^^™*£%Z^ ™ e algorithm of Chow et al. [1]. which is 
the loading algorithm to allocate a fixed ^ " number of iterations is needed to 

used as a reference here, distributes the b.ts accord ing to ™ °* \ tne condi t io n R tote , = *Wr not 

make the allocated number of bits * to », converge * ££££ • ^ ^ R £ m R( JJ Flnally , 

fulfilled after a maximum number of ^^^^StoSi quantization of the number of bits. 

— p ™~ ,han ,he 

algorithm of Chow et al. ,„ QHl nr, ainnrithm in 141 is proposed. Furthermore, it is combined with a 

,owing - . „ f ,i « .harriers is first divided into n B blocks of b adjacent subcarriers. The goal of 

biUsubcarrierJ^ a code rate R and a given number of Mocks ng the equation 

subchannels are highly correlated in general. allocation compared to [1], 

Each block is allocated a modulation level ^eVe the sLs of the SNR intervals as well as 

SNR intervals for each modulation level are used .In ^contrast to W wne ^ ^ ^ 

the absolute SNR thresholds are varied , unU ^^^^S^moduWion schemes at a BER of 10-3 
The size of these intervals .s denved from he BER curves oj tne ^ ^ ^ gNR ^ , 

This way, an SNR grid is produced that .s M ^^^ 6 ^^ by calculating the mean SNR for the given 
e. the absolute threshold value for each mod lu ,at, °" ^^''fhe av^Qe modulation level m. It should be emphasized 
channelandsnmingthegndappro^ whjcn Qoes without any itera tions. 

that the fixing of the SNR grid and thus the added/subtracted, depending on the size of a 

[0015] Quantitative Analysis 

. Computational Complexity 

' ,„.«, To get a rough estimate of the expected com ^ l ^^^^^^ ) |'*^^^^^Q ( j'j n ''flie ^ow^^&nce^thcTsecond 
al., the computational load is expected to be much lower for the SBLA. 
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Rough estimation of the computational complexity for the different loading algonthms- K = number of 
subcarners, /= ^number of iterations, d = degree of the power series used for calcSn of theTogarrthm 
= number of thresholds. The numerical example is given by K = 48. 1=6. d- 4 IT.T^ 




Chow et al. 
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Number of multiplications/ divisions 


K/(2oM) 

2016 


#i fl +1 
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comparisons 
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288 
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Genera I Remarks for BER/PER Analysis 



H.PERL AN/J^rTn Perf0, ; man f ° f *• Pr ° POSed SBLA ' si ™ lati °<* have been performed that are based on the 
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Choice of bandwidth efficiencies for adaptive modulation and corresponds H/2 PHY m«H« 


E [net bit/subc] 


Code rate R 


Corresponding H/2 PHY mode 


1 


1/2 


QPSK, R = 1/2 


3 


3/4 


16-QAM, R =3/4 



• Uncoded Case 
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lies i aI cL bl f ^ performance of the P^ed adaptive modulation scheme for different block 

!hol i T Seenfrom F, 9 ure 2 and Fi 9 ur * 3, when considering a subcamer-specific allocation (b = 1) the SbTa 
shows a s.m.lar or even shghtly better performance than the reference method of Chow et al. Th^ s due to the d!ffefem 

t™:^t b x rz^rr s r ou9h th ; ~ a= - 

simplification still leads to goods performance resuS 0n ^ SUbCamerS f ° r an * 9 iven SNR - *• 

[0020] Furthermore, the influence of the block size b can be seen in Figure 2 and Fiaure 1 Fnr rh=n„ Q i a • 

b only leads to a moderate increase in the BER even for a blocksize of b - -4 fS2 ~ 9 „ U / e _^. F ° r Ch K annel mcreas.ng 

o£^ 

[00^2 ^ 

mod! c SlI? ? adaptive modulation (proposed algorithm) and different block sizes b channel' 

mode, C (large open space), uncoded case. For comparison, the result for the algorithm of Chow et^Us also 
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Coded Case 
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10 



Rp new » Dhysical m0 des" correspond to existing ones with respect to bandwidth effi- 
already mentioned above. These new oae h 

ciency. as listed in Table 2. The existing jJJ^J^Id algorithm) in the coded case for different b ock 
[0024] Figured PER with adapt.ve modu atio J JWJ^ 9 coderateo f R = 3/4 (R= 1/2) is applied, 

sizes b; channel model A (typical office). For E - -3 net bit/suo M l 

For comparison, the curves - ^^SC^Si^S^) «" *• coded CaSe for ^T^f 

[0025] Figure 5: PER with adapt.ve ^°"<^ bJt/ ° ubc . (E = 1)( a cod e rate of R = 3/4 (/?= 1/2) is 

sizes b; channel mode. C (large open H /2 PHY modes are aiso shown. 

applied. For comparison, the curves mode | A and C, respectively. It can be noted hat 

100261 Figure 4 and Figure 5 summanze the results for* cnanne 2 dB for 5 = 3 compared to a 

rglJtheadap^ve^ 

allocauon \o ) J «,i^otinn tfichniaue can be reduced. 



15 Conclusions 
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uonciusiu"» 

[0027] in this paper, adaptive modu.ation has been ^ s °™ 

See. The proposed simple W^^J^^S Td even gives slightly better 

turns out that this algorithm, in spite of ite ample ■JjJ^* t of a blockwis e aliocation appears to be 
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Method according to clalo, 1. oh.rocter.zad in «h.t adjacent subearrler of eeoh block ar. combined. 

Method according to Cain, 1 or 2, character ■„ ,„.,»,. blocks ton** the OFDM-symbo, hav . a .enable 

X£^^i£^^*£zzs,* ,ha " h, rr* ~ -°* s - a « 

Method according to one of the claims 1 to 4, characterized in that 

8£ !ZESS£K£2E. ,D n °' Se '°°°™ e ™' S " ° - E ™ r Rata=10^", asking "Additive 
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